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Abstract
·AIM:Todeterminethechangeswhichoccurinthe
anteriorcapsuleintrueexfoliationwhichisaveryrare
condition.
·METHODS:Theanteriorcapsulefroma93year-old
patientand6otherpatientswithage-relatedcataract
duringcapsulorhexiswasexamined transmission
electronmicroscopy(TEM).
·RESULTS:TEMrevealedapoptosisoflensepithelial
cellsinbothtwogroups.Moreover,weobservedlamellar
delamination,granularbeltsintheanteriorcapsularzone
andlossofthesubcapsularepitheliumcellsinthe
posteriorcapsularzone,aswellasabnormalfibrils
locatedinthecentralcapsularlayeronlyinthesample
fromthepatientwithtrueexfoliation.
·CONCLUSION:Wesuggestthatlossoflensepithelial
cellsandappearanceofabnormalfibrilsisimportantin
diseasedeveloping,andourstudysupportedage-related
degeneration is one of causative factors in true
exfoliation.
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transmissionelectronmicroscopy;apoptosis
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INTRODUCTION
T
rueexfoliationisarareandeasilyoverlookeddisorder
inwhichthe lenscapsuleisthickenedandthe
superficialportionofthelenscapsulesplitsfromthedeeper
layerandfloatasaclearthinmembraneintheanterior
chamber
[1].Thepathogenesisofthisdisorderisnotclear.
Intenseinfraredradiation,inflammationandtraumaareall
consideredtobethecausativefactors
[2].Besides,age-related
degenerationisalsosuggestedtobeonecause
[3].
Weherereporta93year-oldpatientwithcataractwhowas
confirmedtohaveabilateralsplitarisingintheanterior
capsule. Withtheassistanceof transmissionelectron
microscopy(TEM),wenotonlyfoundthecapsulelamellar
delamination,capsule granularbeltsandlossofthe
subcapsularepitheliumcells,butalsoabnormalfibrilsin
patient'santeriorcapsuleinterestingly.TheresultsofTEM
providedthestrongsupportforthediagnosisoftrue
exfoliation.
SUBJECTSANDMETHODS
Subjects A93year-oldChinesemancomplainedofa
progressivebilateralpainlesslossofvisionoverthe
preceding2years.Hedidnotreportanyprolongedheat
exposure.Instead,hegaveahistoryofworkinginthepost
officeofHangzhou,whichmainlydealtwithpaperwork.The
patienthadapparentlyneverbeenexposedtotoxic
substancesandhadnootherophthalmichistory.Thebest
Snellenvisualacuitywas20/80intherighteyeand20/100in
theleft.Bilateralnuclearandcorticalcataracts were
identified,withascrolledleafofanteriorcapsulefloatingin
theanteriorchamberinbotheyessymmetrically.The
peripheralanteriorcapsulewasinvolvedastheresultof
capsularpeeling (Figure1).Theintraocularpressure,optic
nerves,andfundiwerenormalinbotheyes.Wealsoenrolled
othersixage-relatedcataractpatientsascontrols.The
exclusioncriteriaforcontrolsincluded:1)patientswhowere
youngerthan85yearold;2)patientswhoweresuffering
fromanyotheroculardiseases,suchascornealdisease,
glaucoma,uveitis,retinaldetachment,opticneuropathyor
amblyopia;3)patientswhoweresufferingwithanysystemic
diseasesthatmightaffecttreatment,suchasdiabetes
mellitus;4)patientswhowereprescribedwithanydrugthat
mightaffectsurgery,suchas 琢-receptorantagonist.Thesesix
patientsunderwentstandardphacoemulsificationandfoldable
lensimplantation with5mmcontinuouscurvilinear
553capsulorhexis(CCC).Andwefixedanddetectedlensanterior
capsulesunderTEM.
Methods Aroutinephacoemulsificationwasperformed.
BeforeCCC,acrescent-shapedsplitwithacapsularflap
developedupontheinjectionofHealonintotheleftanterior
chamber.Weusedaforcepstodothecapsulorhexis,without
anytrypanblueorindocyaninegreenvisualstaining.Most
partsofadvancingedgeofthecapsulorhexisbypassedthe
trueexfoliationmargin,whileafewpartoftheCCCedge
justcrossedthetrueexfoliationmargin,forthesuperficial
thinlayerseparatedfromthedeeplayerdidlittleinfluenceto
theCCC.Phacoemulsificationwasperformedusingthe
phaco-choptechniqueandanacrylicintraocularlenswas
safelyinsertedinthecapsularbag.Thepatient'svision
improvedto20/20postoperatively. Immediately after
excisionoftheanteriorcapsularflaps,thecapsuleswere
fixedin2.5%phosphate-bufferedglutaraldehyde(pH7.2)for
60minat4 ℃andthenin2%Osmicacidfor90min.The
capsulewasdehydratedinanascendingmethanolseriesand
embeddedinEpon812.Ultra-thinsectionsof60nmthickness
werestainedwithuranylacetateandleadcitratefor
examinationunderTEM.
RESULTS
TheCase TEMrevealedthattheanteriorlenscapsulewas
21.5滋m,ofwhich13滋mwasanormal,comparedwitha
remaining8.5滋mouterlayer.Theanteriorcapsulezone
consistedof300-400nmthickalternatingelectron-dense
stratifiedgranularbelts,whichweremostevidentinthe
centralareaofthecapsuleanddisappearedgraduallytoward
theperiphery.Certainsectionsoftheposteriorareaadhered
withthelensepitheliumcells.Thesubcapsularlens
epitheliumcellsdisplayedapoptosis,withcellsshrinkage,
pyknosis,intracellularvacuolesandgapenlargementbetween
cells.Also,lotsoflensepitheliumcellswerelostinmany
partsofposteriorarea,substitutedbyahomogeneous
granularmaterialthatwasarrangedinalinearpattern,which
werecelldebris.Interestingly,inthecapsule,several
abnormalfibrilswerefoundtobelocatedinthecentral
capsularlayer,andperpendiculartothestructurallayer
(Figure2).
Figure2Abnormalfibrilslocatedinthecentralcapsular
layer,andperpendiculartothestructurallayer A:TEMofthe
anteriorcapsulerevealscapsuledelaminations.Theasteriskshowed
themajorcleavageplanealongwhichthecapsulesplit.Double
blackarrowsindicatedthegranularbelts,layeredat300-400nm
intervals.Theposteriorcapsularzoneiscomposedofa
homogeneouselectron-densematerialinalinearpattern(black
triangle).Thewhitearrowsshowedabnormalfibrilslocatedinthe
capsularlayer( 伊 3000);B:Homogeneouselectron-densematerial
ontheposteriorcapsularzone( 伊 30000);C:Lensepitheliumcells
undergoingapoptosiswithcellsshrinkage,pyknosis,intracellular
vacuolesandgapenlargementbetweencells( 伊 6000);D:Magnified
viewofabnormalfibrils( 伊 40000).
Controls Meanageofthecontrolswas87.8(range,86-90)
year.Allofthemwererevealedtohaveintegratedcapsule,
withthicknessof27.2依1.3(range,26.0-28.6)滋m,andno
cleavagewasfoundinthecapsularlayers.Oneinsixcontrols
hassignsofapoptosisinlensepithelialcells,whichwere
almostsimilarwiththecase,notonlycellsshrinkageand
pyknosis,butalsointracellularvacuolesandgapenlargement
betweencells.Otherfivecontrolsdidnothaveanysignof
apoptosis.Therewasnoepithelialcells'lossinthecontrols
(Figure3).Characteristicsoflensanteriorcapsulesbetween
thetrueexfoliationcaseandcontrolsweredetailedinTable1.
DISCUSSION
Trueexfoliation(TE)ofthecrystallinelensisarare
conditioninwhichthelenscapsulesplitsandtheanterior
layerfloatsintheanteriorchamber.SinceElschnigfirst
describedTEofthelenscapsulein1922,therehavebeenat
Figure1Retroilluminationshowingtherangeofanteriorlens
capsulepeeling.
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least40moreTEcasesreported.TEMisagoodmethodfor
exploringthecharacteristicsoftrueexfoliation.Capsule
lamellardelamination,capsule granularbeltsandlens
epitheliumcelldegenerationarekeyfeaturesfortrue
exfoliation
[4-6].
OurTEMstudywasconfirmedpreviousreportsofthepartial
splittingoftheanteriorcapsuleintrueexfoliation,cleavages
betweencapsularlayerscouldbeobserved.Inaddition,our
studyobservedapoptosisprogresswithlensepithelialcells
shrinkage,pyknosis,intracellularvacuolesandgap
enlargementbetweencellsassimiliarasAtaka'sresearch
[6].
Interestingly,wealsofoundthesamesignsinonecontrol.As
apoptosisoflensepithelialcellswasusuallyfoundin
age-relatedcataract,weconfirmedthatthissenileappearance
wasonecommonfactorbetweentrueexfoliationand
age-relatedcataract,butnotthespecificsignintrue
exfoliation
[7].Meanwhile,thispatienthadnoheatortoxic
exposure,norotherophthalmichistory.Theobviousfeature
ofhimwashisageof93yearsold.Sowesuggestedthat
thesesenilepathologicalcharacteristicsmaysupportthat
agingwasoneofthecausestotrueexfoliation.
Furthermore,weobtainedanewTEMfindingthatinsome
areasoftheposteriorcapsularzone,thelensepithelialcells
weretotallylost,andinsteadbysomehomogeneousgranular
celldebriswhichwasarrangedinalinearpattern.This
phenomenonwasneverfoundinthecontrols.Thelossofthe
cellsmayindicatemoresevereapoptosisoflensepithelial
cells.Apparently,thenumberoflensepithelialcellsintrue
exfoliationwasmuchlessthanwhichinthecontrols.
Accordingtotheresearchbefore,thelenscapsulenormally
increasesinthicknessbythelensepithelialcellssecreting
anddepositingparalleltothecapsulesurfaceandattheinner
surface,thatlaterpushthroughtowardtheoutersurface
[8].
LearnedfromtheTEMresults,wesuggestedthefewer
amountoflensepithelialcellswhichresultedfromsevere
age-relateddegenerationmaybeoneofcausesthatenough
normallenscapsularlamellaefailedtoformandinsteadform
theabnormallythickened,stratifiedstructure.
Interestingly,wefoundseveralabnormalfibrilsinthecentral
areaoftheanteriorcapsule,perpendiculartothestructural
layeronlyinthecaseoftrueexfoliation.Fibrilswere
composedofmicrofibrils,whichwereparallelwithsame
intervals,andseemedtobewellarranged.Centralanterior
capsulelayerswerefullofcollagensIV
[9],theseabnormal
fibrilsdestroyedthecontinuityoforiginalcollagenand
reducedadherenceforcethere,makingcollagentheremore
easilytobefractured.Wesuggestedthesefibrilswerethe
collagendegeneration,theymayacceleratethesplittinglayer
tofracture,andfloatintheanteriorchamber.
Besides,differentfromthereportsbefore,wedidn'tthinkuse
ofthetrypanblueorindocyaninegreenvisualstainingofthe
anteriorcapsulemustbenecessaryinthecapsulorhexis
[10,11].
Surelytrypanbluestainingofthecapsulepermittedthe
constructionofaclearlyidentifiableCCC,butweconsidered
choosinganormalpointoutsidetheextentofthetrue
exfoliationmarginasabeginningandcarefullypullingthe
capsuletobypasstheabnormaldistrictwerethekeypointsto
avoidthecomplication.Furthermore,inourexperience,we
observedthatthedelaminatedsuperficiallayerwassothin,
soifwedidtheCCCjustcrossingthisabnormaldelaminated
capsule,thisthinsuperficiallayerwouldbeunableto
influencethetrackofcapsulorhexis,andthecapsular
integritywouldnotbedestroyed.Moreover,similarto
Radner
[12] reportbefore,wealsoconfirmedthatcareful
CCCproducedthemildesttissuedamage.UnderTEM,lens
edgesobtainedbyCCCweresmoothwithnoirregularities,
andtheedgeswerebeveledanteriorlytoposteriorlywithno
Table 1  Characteristics of lens anterior capsules between 
the true exfoliation case and controls 
Capsule  Lens epithelial cells 
Group 
Cleavage  Abnormal fiber  Apoptosis  Loss 
Case  Present  Present  Present  Present 
Control  Absent  Absent  1/6 present  Absent 
 
Figure3TEMoftheanteriorcapsulefrompatientswithage-relatedcataract A:Integratedcapsulewithnormallensepithelialcells
(伊2500);B:Lensepithelialcellsundergoingapoptosiswithcellsshrinkage,pyknosis,intracellularvacuolesandgapenlargementbetween
cellsassimilarastrueexfoliation( 伊 3000).
555evidenceoftearing.Wejusteasilyexcludetheinfluencethat
theCCCmade,orthestructuraldestroyduringthespecimen
making.
Inourcase,alloftheseTEMfindingssupportedthe
diagnosisoftrueexfoliationaccordingtothereportsinthe
literature.Combinedwiththepatient'sphenotype,which
includedascrolledleafofanteriorcapsulefloatinginthe
anteriorchamber,thediagnosisoftrueexfoliationwas
definite.Ourstudysupportedagingwasoneofcausative
factorsintrueexfoliation,andwesuggestedthatlossoflens
epithelialcellsandappearanceofabnormalfibrilsmaybe
importantprocessesindiseasedeveloping.
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